10/578298 

IAP12 Rec'd PCT/PTO 04 MAY 2006 



SPECIFICATION 

PRODUCTION METHOD OF PURE METAL / ALLOY SUPER-MICRO POWDER 
TECHNICAL FIELD 

[0001] This invention proposes a method of producing pure 
metal and alloy super-micro powders used in an internal 
electrode for multilayered ceramic capacitor, an electrode 
for nickel -hydrogen cell and another electrode or the like . 
BACKGROUND ART 

[0002] A metal powder having an electric conductivity such 
as Ni, Cu, Ag or the like is used as a material forming an 
internal electrode for multilayered ceramic capacitor, a 
porous electrode for nickel -hydrogen secondary cell, a 
hollow porous electrode for fuel cell, an electrode for 
other electron parts , or the like. Particularly, metal 
super-micro powder having a particle size of not more than 

0.4 ym is good in the paste nature and is possible to form 
a fine pattern of a conductor portion or thin the thickness 
thereof, so that it is rapidly increasing as a demand for 
the formation of conductors in an electron circuit. 
[0003] As a production method of the metal super -micro 
powder are known an evaporation process in gas , an 
evaporation process in plasma , a vapor phase chemical 
reaction process, a reduction precipitation process- in 
liquid phase and the like, and the development of these 

» 

processes is proceeding in accordance with characteristics 
of particles, kind of metal, production scale and the like. 
Among them, the vapor phase chemical reaction process does 
not need an expensive apparatus and is considered to be 
advantageous in the cost and used in the production of the 
industrial scale. 

[0004] The vapor phase chemical reaction process is a 
process wherein a metal compound having a low boiling point 
is evaporated to cause a thermal decomposition reaction or 
a reduction reaction to thereby precipitate particles from 
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a vapor phase. In -the production of the metal super-micro 
powder, a so-called vapor phase reduction method in which 
steam of a metal chloride is reduced by using a hydrogen 
gas is mainly applied. Because, the metal chloride is low 
in -the boiling point and evaporable and is easily reduced 
to a metal by a reducing gas . 

[0005] As the metal chloride constituting a starting 
material for the super-micro powder, a compound having a 
low valence is usually used even if the starting cost is 
somewhat high. For example, in case of producing Cu super- 
micro powder, CuCl is used as a starting material and 
subjected to a reduction reaction with hydrogen gas 
according to the following equation: 

2CuCl + H 2 ^ 2Cu + 2HC1 
to produce super-micro powder. When CUCI2 having a valence 
larger than CuCl is used as a starting material, the 
material cost is cheap, but the reduction reaction proceeds 
at two stages as shown below, so that the reaction is 
complicated and the control thereof is difficult and 
hydrogen amount required for the reduction is 2 times and 
there is a problem that the production cost rather 
increases . 

2CuCl 2 + H 2 -> 2CuCl + 2HC1 

2CuCl + H 2 -> 2Cu + 2HC1 
[0006] Therefore, if there is developed a technique 
capable of using a cheap and large valence metal chloride 
instead of the expensive and low valence metal chloride as 
a starting material for the production of metal super-micro 
powder, it is possible to largely reduce the production 
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cost. 

[0007] Also, the vapor phase reduction process is utilized 
to not only the production of the metal single powder but 
also the production of alloy powder . As the method thereof 
are known 

1) a method wherein metal chlorides as a target alloy 
component are previously mixed and the resulting mixture is 
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heated to generate a mixed steam of the metal chlorides and 
reduced with a hydrogen gas; 

2) a method wherein steams of metal chlorides as an alloy 
component are separately generated and these steams are 
introduced and mixed into a reaction tube and then reduced 
with a hydrogen gas, 

and the like. However, these methods have drawbacks that 
the cost of the starting material is high because the metal 
chloride having a low valence is used as the starting 
material but also the composition of the resulting alloy 
micro powder is not stable, and hence they have a problem 
in the practical use . 

[0008] It is an object of the invention to propose a 
method of producing super -micro powder of a pure metal in 
which a cheap starting material can be used in a production 
method of metal super -micro powder through a vapor phase 
reduction process and powder can be efficiently produced. 
Also, it is another object of the invention to propose a 
cheap production method of alloy super-micro powder capable 
of cheaply and stably producing alloy super-micro powder 
having a desired composition. 
DISCLOSURE OF THE INVENTION 

[0009] The inventors have made various studies on the 
method of producing super -micro powder in which a cheap 
starting material containing a metal chloride of a so- 
called large valence is used instead of the conventionally 
used metal chloride for the purpose of lowering the cost of 
a vapor phase hydrogen -reduction process, which was said to 
be high in the production cost. As a result, it has been 
surprisingly found that the super-micro powder can be 
produced efficiently and cheaply by using a starting 
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mixture of a metal compound having a large valence and a 
single metal body as compared with the case of using the 
expensive metal chloride having a small valence as the 
starting material in the conventional production method. 
Furthermore, it has been found that super-micro powder of 
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binary, tertiary or more alloy can be produced more cheaply 
and stably by applying the above knowledge as compared with 
the conventional method. The invention is accomplished 
based on the above novel knowledge. 

[0010] That is, the invention based on the above knowledge 
is a method of producing super-micro powder of a pure metal 
by heating a starting material containing a metal chloride 
and reducing the resulting metal chloride steam with a 
hydrogen gas to produce super-micro powder of a pure metal , 
characterized in that an elemental metal constituting the 
metal chloride is mixed with the starting material 
containing the metal chloride. 

[0011] In the production method of the invention, as the 
metal chloride, it is preferable to use a metal chloride 
having a valence larger among metal chlorides having two or 
more valence. Also, the metal chloride is preferable to be 
cupric chloride (CUCI2) or ferric chloride (FeCl3> . 

[0012] Further, the invention is a method of producing 
super-micro powder of an alloy by heating a starting 
material containing a metal chloride and reducing the 
resulting metal chloride steam with hydrogen gas to form 
super-micro powder of an alloy, characterized in that a 
metal chloride is used as one to (number of all alloying 
components - 1) alloying components in the starting 
material and an elemental metal is used as the other 
alloying component . 

[0013] In the latter production method of the invention, 
the metal chloride is preferable to be cupric chloride 

(CUCI2) t cuprous chloride (CuCl) , ferric chloride (FeCl 3 ) , 
ferrous chloride (FeCl 2 ) , nickel chloride (NiCl 2 ) , cobalt 
chloride (C0CI2) or stannous chloride (SnCl 2 ) . 

[0014] Also, in the production method of the invention, 
the elemental metal is preferable to be copper (Cu) , iron 

(Fe) , nickel (Ni) , cobalt (Co) , silver (Ag) , tungsten (W) , 
molybdenum (Mo) , niobium (Nb) , tantalum (Ta) , chromium (Cr) , 
vanadium (V) , germanium (Ge) or antimony (Sb) . 
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[0015] According to the invention of the above 
construction, as a starting material in the production of 
the super-micro powder of the pure metal through the vapor 
phase reduction method can be used the cheap metal chloride 
having a large valence and the elemental metal , so that the 
production cost can be largely reduced. Also, according to 
the invention, the super-micro powder of the alloy having a 
desired composition can be produced cheaply, efficiently 
and stably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic view showing a structure of 
an apparatus for producing super-micro metal powder; 

FIG. 2 is a graph showing a relation between 
metallic Cu addition amount in the production of Ni-Cu 
alloy super-micro powder and Cu content in the resulting 
micro powder; 

FIG. 3 is a graph showing a relation between Cu 
content and lattice constant in Ni-Cu alloy super-micro 
powder ; and 

FIG. 4 is a graph showing a relation between 
metallic Co addition amount in the production of Ni-Co 
alloy super-micro powder and Co content in the resulting 
micro powder . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] The inventors have made studies on the method of 
producing super-micro powder of a metal from a metal 
chloride having a large valence through a vapor phase 
hydrogen reduction process by using a trial experiment 
apparatus having a horizontal type reactor shown in FIG. 1. 
The horizontal type reactor 1 in this apparatus comprises a 
starting material evaporation part 2 mainly heated from an 
outside of the reactor by heating furnaces 5,6, a reduction 
part 3 and a cooling part 4 water-cooling an outer 
peripheral portion thereof by a cooler 7 . A starting 
material 8 (metal chloride or the like) for metal super - 
micro powder to be produced is placed into an evaporation 
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vessel 9, which is charged into the previously heated 
starting material evaporation part 2 . The heated metal 
chloride is evaporated with the rise of the temperature and 
transported to the reduction part 3 with Ar gas flown from 
a carrier gas inlet port 10 located at a left side of the 
reactor, which is reduced by reacting with a hydrogen gas 
introduced from an inlet port 11 at the left side of the 
reactor to produce metal super-micro powder . The gas 
including the metal super-micro powder is cooled in the 
cooling part 4 and introduced through an outlet port 12 
into a super-micro powder collecting part to recover the 
metal super -micro powder. 
[0018] (Experiment 1) 

The inventors have noticed that the amount of the 
resulting metal super-micro powder may be larger than the 
amount of the metal included in the starting material on 
the way of the studies. Also, it is guessed that the cause 
of the above results in the metal used in the inside of the 
reactor of the trial experiment apparatus for the metal 
super-micro powder shown in FIG. 1. That is, the cause on 
the above amount increase is considered due to the fact 
that vapor of the metal chloride generated from the 
starting material contacts and reacts with the metal inside 
the reactor to produce and evaporate a chloride of such a 
metal and further such a chloride reacts with hydrogen gas 
as a reducing gas to reduce the original metal, which is 
included in the metal super-micro powder to be targeted. 
[0019] This is due to the fact that when the standard 
forming energy of the chloride of the metal used in the 
inside of the reactor is larger than the standard forming 
energy of the metal chloride used as the starting material, 
the metal reacts with the chlorine of the metal chloride as 
the starting material to migrate into a vapor phase as a 
chloride, while the metal chloride of the starting material 
advantageously precipitates as a metal in view of the 
energy . 
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[0020] In order to confirm the above presumption , 
therefore, the Inventors have tried the reproduction of the 
above phenomenon by mixing finely cut pieces of metallic 
copper (Cu) plate with powder of cupric chloride (CUCI2) 
and charging into the evaporation vessel for the starting 
material. The experimental conditions and results are 
shown in Table 1 . 

[0021] 
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[0022] As seen from Table 1, -the amount: of the resulting 
Cu super-micro powder is larger than Cu amount included in 
cupric chloride (CuCl 2 ) / from which it is confirmed that 
the inventors' presumption is correct. In this experimient, 
the amount of hydrogen gas flowed for obtaining the Cu 
super-micro powder is surprisingly equal to the amount 
conventionally flowed when the Cu super-micro powder is 
produced from cupric chloride (CuCl 2 ) . That is, it has 
been confirmed that hydrogen gas is decreased by the 
increment of the amount of the resulting Cu super-micro 
powder. Moreover, the resulting super-micro powder has an 

average particle size of 0.35 pm, which is the same as the 
value in the conventional method. 

[0023] From the results of this experiment, it is guessed 
that the above reduction reaction proceeds as follows . 
That is, the vapor of cupric chloride (C11CI2) having a 
large valence and generated from the starting material 
evaporation vessel is reduced to cuprous chloride (CuCl) 
having a small valence by contacting with metallic Cu, 
while the metallic Cu is oxidized to produce cuprous 
chloride (CuCl) . As a result, the resulting Cu super-micro 
powder is increased by the amount of cuprous chloride 
(CuCl) produced from metallic Cu. Further, in order to. 
conduct the reduction of cuprous chloride (CuCl) produced 
from the metallic Cu, hydrogen gas naturally used in the 
reduction of cupric chloride (CuCl 2 ) is utilized, so that 
the amount of hydrogen gas is decreased by the increment of 
Cu super-micro powder. 

CuCl 2 + Cu -» 2CuCl 

2CuCl + H 2 -> 2Cu + 2HC1 
[0024] The results of Experiment 1 shows that the cheap 
metal chloride having a large valence and the elemental 
metal are used instead of the expensive metal chloride 
having a large valence as the starting material for the 
metal super-micro powder, and means that it is possible to 
largely decrease the cost of the starting material for the 



9 




metal super-micro powder. Further, the fact that the 
hydrogen gas required for the reduction is equal to that of 
using the metal chloride having a small valence as the 
starting material overcomes a drawback that the specific 
consumption of hydrogen gas is high as a serious problem in 
the conventional production technique using the metal 
chloride having a large valence as the starting material. 
[0025] (Experiment 2) 

Then, the inventors have thought that when the 
above phenomenon is applied, if a chloride of a metal A and 
a metal B different from the metal A constituting the 
chloride are mixed and used as a starting material, a metal 
super-micro powder of a mixture of metals A and B is 
obtained, and conducted an experiment confirming such a 
thinking. In this experiment, the reduction treatment is 
made by using nickel chloride (NXCI2) as a chloride of the 
metal A and powder of metallic Cu as the metal B and 
variously changing a ratio of metallic Cu to nickel 
chloride (molar ratio) . The experimental conditions and 
results are shown in Table 2 . 
[0026] 
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[0027] As seen from Table 2, the amount: of the resulting 
metal super-micro powder is larger than Ni amount included 
in nickel chloride (NiCl 2 ) charged, from which it is 
suggested that Cu super-micro powder is included in the 

* 

resulting super-micro powder. The Cu content in the super- 
micro powder is measured by using an ICP emission spectro 
chemical analyzing apparatus . The results are shown in 
Table 2 and FIG. 2, from which it has been understood that 
Cu is included in addition to Ni and the content thereof 
increases as the addition amount of Cu in the starting 
material (molar ratio) becomes large. Further , the lattice 
constant of the super-micro powder is measured by an X-ray 
diffrac tome try to obtain results as shown in FIG. 3. The 
lattice constant of the super-micro powder is a middle 
between the lattice constant of Ni and the lattice constant 
of Cu and changes substantially linearly together with the 
Cu content, from which it is understood that the resulting 
super-micro powder is not a mixed super-micro powder of 
metal A and metal B but is a uniformly alloyed product of 
metals A and B. Moreover, the particle size of the 
resulting alloy super-micro powder is 0.3 (jm smaller than 
0 . 4 jjm. 

[0028] The above reduction reaction is guessed to proceed 
as follows. That is, a part of nickel chloride (NiCl 2 ) 
vapor generated from the starting material evaporation 
vessel is reacted with the mixed metallic Cu to produce 
vapor of cupric chloride (CuCl 2 ) or cuprous chloride (CuCl) , 
and further the vapor of cupric chloride (CUCI2) is reacted 
with metallic Cu to produce vapor of cuprous chloride 

(CuCl) . As a result, it is considered that the vapor of 
cuprous chloride (CuCl) and the vapor of nickel chloride 

(NiCl 2 ) are mixedly existent in the vapor generated from 
the starting material evaporation vessel, and these vapors 
are reduced with hydrogen gas to produce an alloy super- 
micro powder of Ni and Cu. 

NiCl 2 + Cu -> CuCl 2 + Ni 
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CuCl 2 + Cu 2CuCl 

NiCl 2 + 2Cu -> 2CuCl + Ni 

2CuCl + H 2 -> 2Cu + 2HC1 

NiCl 2 + H 2 -> Ni + 2HC1 
[0029] The results of Experiment 2 shows that in order to 
produce an alloy super-micro powder consisting of, for 
example, tungsten and molybdenum, chlorides such as 
expensive tungsten hexachloride (WC1 6 ) or molybdenum 
pentachloride (MoCl 5 ) and the like are not used as a 
starting material, but a cheap metallic tungsten or 
metallic molybdenum and a metal chloride of cheap other 
alloying component are mixed as a starting material, 
whereby the target alloy super-micro powder can be produced. 
Also, the adjustment of the alloying components can be 
precisely conducted by changing a compounding ratio of the 
chloride of the metal A to the metal B in the starting 
material as seen from FIG. 2. By applying these results 
can be theoretically produced not only two-component but 
three or more-component multi-alloy super-micro powders . 
[0030] As mentioned above, the invention is based on the 
novel knowledge entirely different from the conventional 
techniques . 

[0031] In the production method of pure metal super-micro 
powder according to the invention, it is preferable to use 
a metal chloride having a large valence in view of the 
starting material cost and the specific consumption of 
hydrogen gas as mentioned above. For example, it is 
necessary to use a metal chloride having tow or more 
valence such as cupric chloride (CuCl 2 ) , ferric chloride 

(FeCl 2 ) or the like. 

[0032] In the method of producing alloy super-micro powder, 
it is preferable to use a metal chloride having a large 
valence as a starting material in view of the starting 
material cost or hydrogen specific consumption likewise the 
pure metal. However, the similar phenomenon (reduction of 
chloride of the metal A and formation of chloride of the 
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metal B through the oxidization of the metal B) Is caused 
even In the metal chloride having a small valence (e.g. 
nickel chloride (N1C1 2 ) ) , which develops an effect that the 
chloride of the expensive metal B Is not necessarily used. 
[0033] As the metal chloride capable of using as the 
starting material for the alloy super-micro powder are 
mentioned, for example, cupric chloride (CuCl 2 ) , cuprous 
chloride (CuCl) , ferric chloride (FeCl 3 ) , ferrous chloride 
(FeCl 2 ) , nickel chloride (N1C1 2 ) , cobalt chloride (CoCl 2 ) , 
stannous chloride (SnCl 2 ) and the like. 

[0034] In case of producing the alloy super-micro powder, 
the metal chlorides corresponding to the number of the 
alloying components are used In the conventional technique . 
In the invention, however, at least one of these metal 
chlorides can be replaced with the elemental metal . On the 
other hand, when all of the alloying components are 
replaced with single bodies of metals, there in no chlorine 
source contributing to the reaction, so that the upper 
limit of the replacement is (number of alloying components - 

1 > • 

[0035] As the elemental metal usable as the starting 
material, mention may be made of copper (Cu) , iron (Fe) , 
nickel (Ni) , cobalt (Co) , silver (Ag) , tungsten (W) , 
molybdenum (Mo) , niobium (Nb) , tantalum (Ta) , chromium (Cr) , 
vanadium (V), germanium (Ge) , antimony (Sb) and the like. 

[0036] Moreover, the feature that a metal chloride is used 
as a starting material for what component among the 
alloying components and an elemental metal is used as a 
starting material for what component is determined by 
comparing standard forming energies of the chlorides of the 
alloying components (metals) . When an elemental metal is 
used as a component (metal) having a large standard forming 
energy or easily forming a chloride, the formation of the 
super-micro powder can be carried out efficiently. 

[0037] Example 1 

Fe super-micro powder is produced by using a trial 
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apparatus for metal super-micro powder shown in FIG. 1. In 
the production, ferric chloride as a metal chloride is 
mixed with metallic iron powder as an elementary metal and 
the resulting mixture is used as a starting material . A 
predetermined amount of the starting material is charged 
into a starting material evaporation vessel , and after an 
evaporation furnace and a reduction furnace are set to 
given temperatures, the starting material evaporation 
vessel is pushed toward an evaporation part of a reactor 
while flowing carrier gas (Ar gas) and reducing gas (H 2 
gas) , in which vapor of iron chloride generated from the 
evaporation vessel is transferred to a reducing part with 
the carrier gas and reduced by the hydrogen gas to produce 
iron super-micro powder. The production conditions and the 
results are shown in Table 3. As seen from the results, 
the invention can be also applied to the production of 
metal super-micro powder other than Cu. 
[0038] 
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[0039] Example 2 

Super-micro powder of Ni alloy is produced by using 
a trial apparatus for metal super-micro powder shown in FIG. 
1. In the starting material, nickel chloride (NiCl 2 ) is 
used as a metal chloride, and powders of metallic Mo, Nb 
and Co are used as a metal of an alloying component. The 
production conditions and the analytical results of the 
resulting powder components are shown in Table 4 . As seen 
from this table, the target metal components (Mo, Nb, Co) 
are included in the resulting powder, and the content 
thereof is high as the compounding amount in the starting 
material (molar ratio) becomes larger. In FIG. 4 are shown 
the results in case of using metallic Co powder, which 
shows that the Co content in the super-micro powder is well 
interrelated to the amount of metallic Co added in the 
starting material and the control of the composition can be 
conducted precisely. Also, the resulting powder is 
subjected to an X-ray diffrac tome try to measure a lattice 
constant, whereby the powder is confirmed to be alloyed. 
As seen from the above, the invention can be applied to the 
production of the super -micro powders of not only Ni-Cu 
alloy but also Ni-Mo alloy, Ni-Nb alloy and Ni-Co alloy, 
and the composition of the alloy can be controlled by 
changing the compounding ratio in the starting material. 
[0040] 
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[0041] Example 3 

Super-micro powder of Ni-W-Fe three -component alloy 
Is produced by using a trial apparatus for metal super- 
micro powder shown in FIG. 1. In the starting material, 
nickel chloride (NiCl 2 ) is used as a metal chloride, and 
metallic W and Fe powders are used as a metal of alloying 
component. The production conditions and the analytical 
results of the resulting powder are shown in Table 5 . From 
the table, it can be seen that the target metal components 
(W, Fe) are included in the resulting powder. Also, the 
resulting powder is subjected to an X-ray diffrac tome try 
to measure a lattice constant, whereby the powder is 
confirmed to be alloyed. These results show that the 
invention can be applied to the production of super-micro 
powders of not only two-component system but also three- 
component system. 
[0042] 
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INDUSTRIAL APPLICABILITY 

[0043] The invention can be applied to not only the method 
of producing pure metal and alloy super-micro powders but 
also the method of producing various products by using 
plural kinds of starting materials. Also, the pure metal 
and alloy super-micro powders produced in the invention can 
be used as not only an electrode material for nickel - 
hydrogen cell or the like but also an electrically 
conductive material for the formation of circuits in the 
filed of various electronic parts . 
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